The objectives of the current research were twofold: (i) to determine the prevalence of multidrug-resistant (MDR) Salmonella in the various classes of dairy cattle and (ii) to determine if comingling of calves from multiple farms at a heifer feedlot serves as a transmission vector for Salmonella back to the dairy farm. Four large commercial dairies in the southwestern United States were sampled in October 2005 and again in March 2006. Fecal samples were collected from hutch calves, 12-and 24-month-old heifers, lactating cows, dry cows, and cattle in the sick-fresh pen and cultured with brilliant green agar supplemented with novobiocin (BGA OV) to estimate the overall Salmonella prevalence, or with tetracycline (BGAteI) to estimate MDR Salmonella. Antimicrobial susceptibility testing was conducted with the National Antibiotic Resistance Monitoring System (NARMS) testing panel, and a portion of the isolates were serotyped. Salmonella prevalence among groups ranged from 0 to 96% positive, with the highest incidence observed in the hutch calves and cattle in the sick-fresh pen. Twenty-eight different serotypes were identified with serotype Reading accounting for the majority of isolates cultured on BGA tet . Nearly all (100 of 103) isolates cultured on BGAflOV and screened for antibiotic resistance were pan susceptible, whereas over onehalf (64%) of the isolates cultured on BGA tet were MDR. Forty isolates displayed the ACSSuT resistance pattern, and 36 isolates displayed the MDR-AmpC pattern of the 72 isolates examined following culture on BGA tet . The incidence of Salmonella cultured on BOAtet was low (9%) in all heifers and only one MDR isolate was cultured (from a 12-month-old heifer), suggesting the risk of transmission of Salmonella from the heifer feedlot back to the dairy is low. Results of this research suggest the incidence of MDR Salmonella, found primarily in hutch calves and cattle in the sick-fresh pen, is low in comparison to the overall Salmonella prevalence.
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The relatively recent emergence of multidrug-resistant (MDR) bacteria and the implication that it is a result of the subtherapeutic use of antimicrobials in livestock production has been the subject of considerable research and debate (3, 13, 15) . Whether a result of current livestock production practices, overprescription by the medical profession, other factors to be determined, or a combination of the above, the incidence of MDR bacteria does appear to be on the rise.
In 2002, an MDR Salmonella identified as serotype Newport emerged in the eastern United States. Several people were sickened, and one person died as a result of this pathogen, which was implicated as originating from ground beef from dairy cattle (19) . Previous research conducted in our laboratory identified MDR Salmonella isolates in dairy cattle, but there did not appear to be any cause for alarm, as most resistance patterns were to antimicrobials commonly used in veterinary medicine and not those used for treatment of human salmonellosis (8) . Subsequent dairy research reported by our laboratory (5) identified multiresistant Salmonella Newport with resistance patterns similar to those reported in the 2002 outbreak (19) .
The occurrence of MDR Salmonella in dairy cattle and the link to human cases of illness in the United States is cause for concern (2, 11, 19) . However, although it is generally recognized that dairy cattle are reservoirs for Salmonella, some of which may be MDR, the prevalence and source of MDR Salmonella in dairy cattle have not been extensively studied. We hypothesized that MDR Salmonella composed a small proportion of all dairy Salmonella isolates and that they are associated with certain classes of cattle within the dairy operation. To test our hypothesis, we selected four dairy farms in the southwestern United States that had been sampled in previous research and found to have a significant Salmonella prevalence. All of these dairies were within a relatively small geographic area and were managed similarly. Additionally, all utilized a single calfheifer facility for raising replacement heifers. Specifically, our objectives were to (i) determine the prevalence of mu]-tiresistant Salmonella in dairy cattle (calves, heifers, lactating cattle, dry cows, and cull cows) and (ii) determine if comingling of calves from multiple farms at a heifer feedlot served as a transmission vector for multiresistant Salmonella back to the dairy.
MATERIALS AND METHODS
This research was conducted on four large commercial dairies (^2,000 head each) in the southwestern United States. All four dairies are located within a small geographical region (approxi-28 EDRINGTON ET AL.
Food Prot., Vol. 71, No. 1 mately 8 km) and are typical, in terms of management, of large dairies in this region of the United States. Mature animals (lactating and dry cows, 12-and 24-month-old heifers, and sick-fresh cows) are maintained in large dry-lot pens with shade provided. Calves from each dairy are transported to the central heifer raising facility located within one of the dairies and remain there until just prior to freshening, at which point they return to their farm of origin. Newborn calves are maintained in individual calf hutches until 2 to 3 months of age, at which time they are group penned according to age and size.
Sample collection. Fecal samples were collected from various groups of cattle on two occasions, October 2005 and March 2006. Approximately 200 g of feces was collected from fresh, undisturbed fecal pats from the pen floors with sterile palpation sleeves, placed on ice, and shipped overnight to our laboratory in College Station, Tex., for bacterial culture described below. Previous research (8) indicated that dry cows do not have a significant Salmonella prevalence; therefore, in the present study, they were sampled once. Likewise, results from the first collection of heifers found a low prevalence of MDR Salmonella; therefore, they were not sampled again in March. On the basis of the limited numbers and lack of treatment information for animals in the sick pen, this group was sampled only in October.
Bacterial culture and isolation. Fecal samples were processed upon arrival the day following collection. From each sample, 10 g of fecal material was enriched in 90 ml of tetrathionate broth for 24 h at 37°C. A portion (200 p.l) of the enriched culture was then transferred to 5 ml of Rappaport-Vassiliadis RIO broth and incubated for an additional 24 h at 42°C. Following the second enrichment, all samples were plated on brilliant green agar (BGA) supplemented with one of two antibiotics. To determine overall Salmonella prevalence, samples were plated on BGA supplemented with novobiocin (25 i.g/ml; BGA flOV). To screen for MDR isolates, tetracycline (30 .g/ml; BGA 11) was incorporated into the BGA. All plates were incubated (24 h, 37°C) and colonies exhibiting typical Salmonella morphology were confirmed biochemically with lysine iron and triple sugar iron agars. Positive samples were restreaked on tryptic soy agar with 5% sheep blood (Difco, Becton Dickinson, Sparks, Md.) for further confirmation and serogrouping, using slide agglutination with Salmonella antiserum (Difco, Becton Dickinson). Salmonella isolates were stored (-80°C) with CryoCare bacterial preservers (Key Scientific Products, Round Rock, Tex.). A portion of the isolates (one isolate from each positive sample cultured on BGA Iet and a corresponding isolate from the same sample cultured on BGA nOV ) were sent to the National Veterinary Services Laboratory in Ames, Iowa, for confirmatory serotyping. All media and agar were from Difco (Detroit, Mich). Reagents and antibiotics were obtained from Sigma (St. Louis, Mo.).
Determination of antimicrobial susceptibility. Antimicrobial susceptibility was determined with the Sensititre automated antimicrobial susceptibility system according to the manufacturer's directions (Trek Diagnostic Systems, Westlake, Ohio). Broth microdilution was used according to methods described by the NCCLS (14) . Two susceptibility testing panels (Trek Diagnostic Systems) were used-the NARMS and the bovine-porcine isolate panel-to determine MICs for the following antimicrobials: the NARMS panel (cefoxitin, amikacin, chloramphenicol, tetracycline, ceftriaxone, amoxicillin-clavulanic acid, ciprofloxacin, gentamicin, nalidixic acid, ceftiofur, sulfisoxazole, trimethoprim-sulfamethoxazole, kanamycin, ampicillin, and streptomycin) and the bovine-porcine panel (ceftiofur, erythromycin, chlortetracycline, oxytetracycline, penicillin, tiamulin, gentamicin, florfenicol, ampicillin, danofloxacin, sulfadimethoxine, neomycin, sulfachloropyridazine, tylosin, sulfathiazole, spectinomycin, tilmicosin, dindamycin, trimethoprim-sulfamethoxazole, and enrofloxacin). Resistance breakpoints were determined with the NCCLS interpretive standards (14) unless unavailable, in which case breakpoints in the NARMS 2000 Annual Report (17) or those provided by Trek Diagnostic were used. Escherichia coli ATCC 25922, E. coli ATCC 35218, and Enterococcusfaecalis ATCC 29212 were used as quality control organisms.
RESULTS
The prevalence of Salmonella cultured from the feces of dairy cattle is presented in Table 1 BGAtet from lactating cattle in the March collection. Dry cows were not sampled in October, but in March, they averaged 53% Salmonella positive. Only one dry cow fecal sample was positive when plated on BGA Iet. Samples collected from pens housing sick and fresh cows had a high incidence of Salmonella capable of growth on each plate type, averaging 86 and 45% for BGA OV and BGAtet, respectively. Because of the low number of cattle in this group and the difficulty in determining previous antibiotic treatments, if any, we did not sample this group of cattle in the March collection.
One isolate from each Salmonella-positive sample was serogrouped, and results are presented in Tables 2 (BGAOV) and 3 (BGAtet ). The predominant serogroup identified after culture on BGA OV for all classes of dairy cattle was C. In addition to serogroup C 1 , a substantial portion of the isolates from lactating cattle were composed of groups C 2 , D2, E 1 , and E4 . A total of 11 different serogroups were identified from isolates cultured on BGA IIOV (Table 2) . Fewer serogroups (eight in total) were identified in all classes of cattle when cultured on BGAIet, with the majority of these belonging to the B serogroup (Table 3) . Table 4 . One isolate from each positive sample cultured on BGAtet was serotyped as well as corresponding positive isolates cultured on BGAflOV . A total of 28 serotypes were identified, with 17 and 27 serotypes identified in October and March, respectively. Serotype Reading accounted for the majority of the isolates cultured on BGAtet. Serotype Typhimurium was also identified in isolates from calves and cows in the sick-fresh pen. The five most common serotypes cultured on BGA tet in all classes of cattle, in descending order, were as follows: Reading, Senftenberg, Montevideo, Fresno, and Cerro (Table 4) . Nine serovars were isolated only once: Banana, Derby, and San Diego (serogroup B), Infantis and Oranienberg (C 1 ), Idikan (G), Barranquilla (I), Soerenga (N), and Ealing (0).
The number of Salmonella isolates resistant to antibiotics on the NARMS panel is presented in Table 5 . Only isolates cultured on BGA tet are included in the table, even though a number of isolates grown on BGA flOV were screened on the NARMS and bovine-porcine isolate panels. With very few exceptions, the isolates cultured on BGAflOV were susceptible to all, or nearly all, antimicrobials examined (data not shown). Results from screening isolates against antibiotics that were contained on both panels (gen- of the isolate screening on the bovine-porcine panel largely -mirrored those of the NARMS panel, with the majority of multiresistant isolates found in the calves, cattle in the sickfresh pen, and lactating cattle on farm A (Table 6 ). The incidence of multiresistant Salmonella isolates and the patterns of resistance to antibiotics on the NARMS panel are presented in Table 7 . Only 2 (of 72) isolates cultured on BGAtet were susceptible to all antimicrobials, while 24 isolates were resistant to one antibiotic. Isolates from the calves and sick-fresh cows had varying levels of resistance. Isolates from lactating cattle on farm A were all resistant to 9 or 10 antibiotics. Forty isolates displayed the ACSSuT resistance pattern, and 36 isolates displayed the ACSSuTAuCf pattern with decreased susceptibility to ceftriaxorie (MDR-AmpC; Table 7 ).
DISCUSSION
The concern and controversy regarding MDR bacteria and the extent that current livestock production practices play in the dissemination of these bacteria into the human population continue to be a controversial topic (3, 13, 15) . The design and implementation of an experiment that could definitively address this issue remain, to say the least, a daunting task and was not the aim of the present study. An achievable and more reasonable approach may be to screen various segments of the livestock production sector for MDR bacteria and examine their patterns of resistance. a ACSSuT, resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole, and tetracycline. ACSuTm, resistant to ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole. c ACSSuTAuCf, resistant to ACSSuT plus amoxicillin-clavulanic acid, ceftiofur. d MDR-AmpC, ACSSuTAuCf plus decreased susceptibility to ceftriaxone (MIC, ^!2 i.g/ml).
Several reports have been published regarding Salmonella prevalence in dairy cattle (1, 4, 12) and associated factors; however, few have cultured specifically for MDR Salmonella. Our first objective was to determine the prevalence of MDR Salmonella in dairy cattle on commercial dairies in the southwestern United States and determine which group or class of cattle within a dairy farm was more likely to harbor MDR Salmonella. Granted, our study population represents a small subset of the U.S. dairy industry and is therefore not intended to be a definitive assessment of MDR Salmonella in dairy cattle. It does, however, represent a significant number of dairy cattle that are housed and managed similarly in the western half of the United States, a region identified as having a higher percentage of dairy herds positive for Salmonella (1), and provides insight into which classes of dairy cattle are more likely to harbor MDR bacteria.
As dairy cattle often appear asymptomatic while shedding Salmonella into the environment, assessing the herd prevalence of Salmonella requires extensive sampling and bacterial culture. Furthermore, research conducted by our laboratory found that the prevalence of Salmonella in mature dairy cattle varies greatly but can be as high as 100% (6) . Likewise, we reported that serotype prevalence and diversity varies among farms, within farm, and by season (4). Previous research conducted on dairies in this region reported a relatively high Salmonella prevalence (4, 8) ; therefore, we incorporated two different isolation techniques in an attempt to isolate MDR Salmonella. To confirm that the inclusion of tetracycline in the agar selectively cultured only MDR Salmonella, we serotyped and examined the susceptibility patterns on a number of isolates cultured on BGAn0v . Isolates were selected from BGAOOV when a corresponding fecal sample from the same animal was Salmonella positive on BGAtet and from a few samples when growth only on BGA SOV occurred. Three MDR isolates were identified following culture on the BGAflOV plates, and all were similarly identified with BGA 1e1 . Three isolates cultured on BGAnOV were resistant to one antibiotic each, and all other BGAflOV isolates examined were susceptible to all of the antibiotics screened on both panels. These results support the use of tetracycline in the agar for the isolation of MDR Salmonella.
Multiresistant isolates were identified, all belonging to one of four serotypes (Reading, Typhimurium, Agona, and Kentucky), and were cultured primarily from the calves and cattle in the sick-fresh pen. Previous research has suggested there is a high prevalence of Salmonella in cull cows (9, 16, 18) , although only one study reported antimicrobial susceptibility patterns, and it did not distinguish between Salmonella isolated from the lactating or cull cows (18) . In general, in our study, very few multiresistant isolates were cultured from heifers or in lactating and dry cows, with one notable exception. Fourteen MDR Salmonella isolates (13 Reading, 1 Agona; resistant to 9 and 10 antibiotics) were cultured from lactating cows on farm A during the October 2005 collection. This was the only group of lactating cattle to yield any appreciable number of MDR isolates, and when sampled in March, no MDR isolates were identified. Granted, we did not sample the same lactating animals in October and March, even though most of the cows sampled in October were still lactating, opting instead to sample a different set of cows at the same stage of milk production as those sampled in October. Patterns of antimicrobial resistance were similar in MDR isolates cultured from different classes of dairy cattle, with at least half displaying 33 the ACSSuT or MDR-AmpC patterns of resistance. These same resistance patterns were reported for the MDR Salmonella Newport responsible for numerous human salmonellosis cases in the eastern United States (10, 19) .
The majority (73%) of MDR Salmonella isolates identified belonged to the B serogroup and were predominantly serotype Reading. We have sampled and serotyped numerous isolates from these dairies and others in the region and have not encountered Reading previously (4, 5, 8) . We found only one other report (1) regarding Salmonella Reading isolated from dairy cattle, which was similarly MDR. Also somewhat surprising is the identification of a number of Typhimurium isolates, a serotype encountered only once in our previous research (5) . However, in the previous research, we sampled only apparently healthy lactating and dry cows, and Salmonella Typhimurium is typically the most frequently identified serotype from cases of clinical disease (2, 7). Therefore, had we sampled calves and cattle in the sick-fresh pen, we might have identified this serotype in our previous research. Salmonella Newport, another frequently reported serotype (2) that is often MDR (19), was not identified in this research, although patterns of resistance in the MDR isolates cultured in the current research were similar to those reported for Salmonella Newport.
The central calf and heifer raising facility utilized by the four dairies sampled in this project provided a unique opportunity to examine our second objective, to determine if comingling of calves from multiple farms at a heifer feedlot serves as a transmission vector for multiresistant Salmonella back to the dairy. It is logical to assume that, prior to their return to the original dairy, comingling calves and heifers from four separate dairies would provide a means for the dissemination of Salmonella among dairies. The calves at the heifer facility were found to have a significant Salmonella prevalence and incidence of MDR Salmonella, particularly in the October 2005 collection. However, it is unclear if the calves were Salmonella positive at the dairy of origin prior to transport or if they acquired the Salmonella at the heifer facility. More importantly, the heifers had a lower Salmonella prevalence than the calves, and a much lower incidence of MDR Salmonella was observed in the 24-month-old heifers than in the calves. As this is the age when heifers are returned to the dairy of origin, it appears unlikely that this is a major route of Salmonella transmission among farms.
From these data, it appears that calves and cattle in the sick-fresh pen should be the primary concern when it comes to MDR Salmonella. Although the history of antibiotic treatment of these cattle was not obtained at the time of collection, it is certainly possible that some of these animals have been, or were currently, undergoing antibiotic therapy. Additionally, both groups of animals experience stress in one form or another and may have an impaired (sick-fresh cattle) or immature (calves) immune system. The gut microbial ecology could also play a role in the carriage of MDR Salmonella. Calves have an immature, developing gut microflora that increases their susceptibility to a number of opportunistic intestinal bacterial pathogens. Similarly, cattle in the sick-fresh pen may also have a compromised gut microflora as a result of their health status or antibiotic therapy (sick cows) or because of changes in diet (fresh cows). Animals with apparently healthy, normal gut microflora (heifers, lactating and dry cows) harbored few MDR Salmonella.
Results highlight the high degree of variability in Salmonella shedding in dairy cattle and the difficulty in monitoring a population of animals. Significant differences were observed in prevalence, serotype distribution, and antimicrobial resistance patterns when comparing the October 2005 with the March 2006 collection. Previously, we reported that prevalence and serotype fluctuates not only on dairies within a small geographic region, but also within individual dairies (4), which might help explain the differences between the two collections we observed. However, another possibility exists. The farm manager reported that approximately 3 months prior to the March 2006 collection, but after the October 2005 collection, the heifer facility began pasteurizing their waste milk. Waste milk (milk from fresh and medicated cows) is often saved and used as a cheap feed source for calves, reducing the dependence on milk replacer or saleable whole milk. These cattle may be milked on a different system, and the milk is then saved for feeding the young calves. It is unknown if this management practice facilitates the transfer of antimicrobialresistant bacteria. Pasteurization is employed, but the degree of effectiveness or long-term effects on bacterial pathogens or antibiotic residues or the effects on mediators of resistance transfer are unknown. The farm manager reported that following implementation of pasteurization, they subsequently observed a substantial decrease in the cases of calf diarrhea attributable to Salmonella. We observed a decrease in the prevalence of Salmonella and in the incidence of MDR isolates in the March compared with the October collection in the calves, supporting the dairy's conclusion that the pasteurization process may be effective in reducing Salmonella. Granted, this is largely speculative and, as we also observed a similar decrease in the lactating cattle, it cannot be concluded that this decrease observed in the calves was a result of the pasteurization of the waste milk and not some other factor. The identification of management factors that reduce the incidence of foodborne pathogens has substantial food safety and environmental implications; therefore, the influence of waste milk pasteurization on Salmonella prevalence and the incidence of MDR Salmonella in dairy cattle are currently under investigation.
